Abstract
membrane, is the most common configuration found where, at least one of the anodic or 1 cathodic reactions, is microbiologically catalysed [4] .
2
So far, nitrogen removal by MFCs has focused on two different strategies -MFC ammonium 3 removal under anaerobic conditions [5] or, since that ammonia can be diffused from anode to 4 cathode through the cation exchange membrane [6] , it can be stripped and subsequently 5 absorbed [7] . Instead of recovering ammonia at the cathode chamber, another strategy is to 6 remove it by external nitrification and a subsequent denitrification accomplished by 7 microorganisms in the cathode chamber [8, 9] , or by simultaneous cathodic nitrification-8 denitrification [10] . So far very few studies referring to nitrogen removal via simultaneous 9 nitrification and denitrification (SND) processes as an alternative of using an external 10 nitrifying bioreactor, which is known to be more difficult and expensive to scale up, have 11 been reported. Afterwards, to simplify the reactor structure and reduce the costs associated 12 caused by using an external nitrifying bioreactor, others MFC designs were investigated in 13 order to carry out SND in these systems. However, to date majority of studies are performed 14 using groundwater or synthetic wastewater, and to contrary the use of high strength animal 15 wastewater, particularly pig slurries, has received little attention so far. Thus, there is a lack 16 of knowledge about the feasibility of using a MFC-SND, and its potential application for 17 treating high strength animal wastewater to accomplish the requirements for agricultural uses. This study aims to evaluate nitrogen dynamics and microbial community structure in a two-1 chamber microbial fuel cell operating with an intermittently aerated cathode, and its 2 feasibility as a treatment for high strength (organic and nitrogen) wastewater simulating a 3 liquid fraction of pig slurry. This work focuses on three main goals: i) to study nitrogen 4 dynamics in a MFC harbouring active microbial biomass both in the anode and cathode 5 chambers; ii) to enhance the nitrification-denitrification process at the cathode chamber, and 6 iii) to assess the microbial community enriched both in the cathode compartment and in the 7 anode. 
MATERIALS AND METHODS

10
Experimental set-up
11
A methacrylate two-chambered MFC reactor was built with the anode and cathode 12 compartments (0.14 x 0.12 x 0.02 m 3 ) separated by a cation exchange membrane (CEM)
13
(14x12 cm) (Ultrex CMI-7000, Membranes International Inc., Ringwood, NJ, USA). 
Electrochemical analysis 3
Voltage (V) across the external resistance (Ω) was recorded at 20 min intervals using a 4 multimeter data acquisition unit (Mod. 34970A, Agilent Technologies, Loveland, CO, USA).
5
The current density (I) was then calculated using Ohm´s Law, and the power density (P) was 6 obtained using P= IV/A, where I stands for current density (mA), V stands for the voltage 7 (mV), A stands for the cell volume (m 3 ) and P stands for the power density (mW m -3 ).
8
Polarization curves (P versus I) were carried out in order to obtain the maximum power 9 density and the internal resistance of the system. The procedure to obtain a polarization curve Macrogen (Macrogen, The Netherlands).
14 Sequences were processed using the BioEdit software package v.7.0.9 (Ibis Biosciences,
15
Carlsbad, CA, USA) and aligned with the BLAST basic local alignment search tool (NCBI,
16
Bethesda, MD, USA) and the Naïve Bayesian Classifier tool of RDP (Ribosomal Database 17 Project) v.10 (East Lansing, MI, USA) for the taxonomic assignment.
18
Changes on the microbial community structure were analysed by covariance-based Principal (Broadway, Nedlands, Australia) was used for this purpose. 
Quantitative PCR assay (qPCR)
23
The gene abundance of nitrifying, denitrifying and total eubacteria community was gene, respectively), extension at 72 °C for 45 s, and fluorescence capture at 80 °C (Table 2) .
10
The specificity of PCR amplification was determined by observations on a melting curve and The same DNA extracted from anode and cathode compartments and used for DGGE and 5 qPCR analysis was used for pyrosequencing purposes. Each DNA sample was amplified 6 separately using fusion primers containing adapters-barcode-forward primers (5'-3' direction) 7 and a bead adapter-reverse primer (5'-3' direction). Reverse primers were bound to the beads 8 by means of a specific bead adapter. Each sample was amplified with the 16S rRNA 9 eubacteria gene. The primer set for the eubacterial analysis population is described in Table   10 2. For the amplification 2µl of each DNA were used and the reaction was carried out in 50 µl 11 containing 0.4 mM of fusion primers, 0.1 mM of dNTPs, 2. GreenGenes databases and compiled into each taxonomic level. under the study accession number SRP051329. The MFC was operated under the conditions described in reported by others [24] probably due to nitrification, which reduces alkalinity. 
Microbial community assessment
19
In order to gain insight on the microbial community structure and its potential function 20 related with the MFC operation, molecular biology methods such as DGGE and qPCR were 21 applied to biomass from both the anode and the cathode chambers. As expected, DGGE 22 results show a higher microbial diversity on the anode than in cathode chamber (Fig. 2) analysis also shows that β-Proteobacteria was dominant on the biofilm-electrode, being α-
4
Proteobacteria and γ-Proteobacteria rarely detected. They concluded that β-Proteobacteria 5 was likely to play a key role in biofilm reactors.
6
The DGGE results from cathode chamber reveal Nitrosomonas sp. as the most predominant 7 band which could highly contribute to nitrification process as an ammonium oxidizer (band 1 8 in Fig. 2a) . Although Nitrosomonas sp. was identified as the main nitrifying bacteria linked to 9 the nitration process, an important phylotype belonging to Comamonadaceae (band 2 in Fig.   10 2a) -a well-known potential denitrifier family-, was also present in the aerated cathode.
11
Regarding qPCR analyses, the 16S rRNA gene copy number revealed a high abundance of 12 total eubacterial populations both in the anode and cathode chamber (1.1 x 10 9 gene copy 13 number g -1 and 6.2 x 10 8 gene copy number mL -1 , respectively). We also observed in the 14 aerated cathode a high abundance of the amoA gene (8.9 x 10 9 gene copy number mL -1 ), and
15
even the presence of nosZ although at much lower concentrations (3.3 x 10 7 gene copy 16 number mL -1 ) (Fig. 2b) to the nitrifying community of the cathode chamber (Fig. 3a) , as also observed in the DGGE 3 results (Fig. 2a) .
4
Pyrosequencing data also revealed class β-Proteobacteria as the dominant group of bacteria 5 accounting for 66.4%, followed by Flavobacteria with 14.5%, and Sphingobacteria with 6 11.9% of the relative abundance on reads obtained from the cathode chamber, as previously with current acclimation had higher levels of β-than α-Proteobacteria. Moreover,
12
Sphingobacteria were identified to be dominant in denitrifying cathode biofilms. In our (Fig. 4) . These results suggest that there is no autotrophic denitrification under 4 these conditions; however, the existence of a heterotrophic denitrification is confirmed by the 5 microbial community analysis (Fig. 4 and 5a) . 
Denitrification batch assays
Microbial community assessment 7
Comparison between the physicochemical analysis and the DGGE results revealed the 8 presence of well known denitrifying phylotypes, when acetate was added to cathode effluent.
9
The three predominant bands (bands 5, 6 and 7) (Fig. 5a ) belonged to Burkholderiaceae,
10
Alcaligenaceae and Comamonadaceae, (Table 3) , which have been previously reported as 11 key players in cathodic nitrate reduction in a closed circuit [13] .
12
In the other batch conditions, without acetate amendment, minority bands (bands 4 and 11)
13
like Comamonadacea and Alcaligenaceae, (Table 3) were identified as potential denitrifiers.
14
The rest of the bands identified on the DGGE belong mostly to Bacteroidetes
15
(Porphyromonadaceae) and Proteobacteria (β and γ-Proteobacteria), which have been also 16 described as dominant phyla in other MFCs systems [26, 29] .
17
The Multivariate Principal Component Analysis (PCA) of the DGGE profiles (Fig. 5b) 
18
showed three distinct main groups. One group corresponds to the samples from the cathode [27] . Fig. 6a ) shows the evolution of the different forms of nitrogen 1 during three short intermittent aerated cycles (P. 2.1). As it can be seen, ammonia 2 concentrations decreased during the aerated periods whereas nitrates decreased during the 3 non-aerated periods. In Table 4 we can see that the reported average N-NO 3 -removal 4 efficiency was 17.8% (P. 2.1). The same behaviour, though with a lower N-NO 3 -8.3%
5 removal efficiency, was also observed during the long intermittent aerated period (P. 2.2).
6
Nevertheless, when acetate was added (P. 2.3) the removal efficiency increased up to 41.2% 7 (Fig. 6b) .
8
As nitrate reduction to di-nitrogen gas occurs through four consecutive reactions where two 
15
Nevertheless it is surprising that in the last non-aerated period, when the acetate was added,
16
nitrite concentrations rose to higher values than in previous periods, reaching up to 15.8 mg
The pH of the catholyte showed a slightly increased during the intermittent aerated periods, 
